programming (LP) decision theory framework and using information readily available to local Forage production variability is incorporated and using information readily available to local into a decision theory framework for a beef proucers. producer in East Texas. The results suggest that the least risky, and also the most profitable, approach to intensive forage beef production METHODOLOGY is to plan for relatively poor weather conditions and low forage production. This results in a Many procedures have been used to analyze more diverse forage system and a smaller herd the economics of production uncertainty. They size than would be found optimal under the include such procedures as formal simulations assumption of constant average forage produc-(Richardson and Condra), risk-variance quadtion. These results also demonstrate that the ratic programming (Freund), MOTAD (Hazell), assumption of constant average forage producTarget MOTAD (Tauer), stochastic dominance tion may result in grossly exaggerated estimates (Hadar and Russell), systematically changing of expected net returns.
turns are calculated in 1979 dollars.' The proisfy both energy and protein nutritive requireducer has 250 acres of open land suitable for ments for the modeled performance levels tame pasture, a typical farm size in this area without exceeding voluntary intake capacity (Albrecht and Ladewig) . The producer desires (Conrad et al.) . Thus, supplementation is reto maintain a cow-calf operation and must dequired in some periods to attain the necessary termine the herd size and forage system to be ration quality (i.e., energy and protein content used. By planning for a longterm operation, of dry matter). inputs such as labor and capital are considered
The forage alternatives included in the model variable. Only land area is held fixed.
consist of the most typical improved pastures Not all possible production practices are exused in the area. They include warm-season amined in this study. The activities considered perennials such as bahiagrass, lovegrass, Coastal closely reflect commercially-implementable and common bermudagrass planted alone or in practices and performance achieved in forage association with winter annuals like rye, ryeand beef production experiments conducted at grass, crimson clover and arrowleaf clover, and the Texas A & M University Agricultural Reprepared seedbed production of rye-ryegrass. search and Extension Center at Overton (RouIn any period the forage can be grazed or put quette and Florence). Results of the current up as hay and fed in another period. Hay can study fall within the range of actually achieved be purchased or sold. Hay fed is supplemented physical performance in experiments.
with grain sorghum in order to meet minimum The breeding herd consists of Hereford-Brahfeed quality requirements (Conrad et al.) . man cows maintained through rotational crossYield and quality data for each forage are ing. The calving season centers on October 1.
extrapolated from experiments conducted at the Calves are weaned on July 1, with steers and Texas A & M University Agricultural Research heifers weighing an average of 675 and 620
and Extension Center at Overton, Texas pounds, respectively. Calves in excess of re-(McCartor and Rouquette). The forage dry matplacement requirements are either sold at weanter yield data were collected for 4 years (1970-ing or after stocking them on pasture for 11 1973) using the cage-difference technique (Limonths, with supplementation in the winter as neban). The five levels of forage production or needed. The average weight of the grass-fat steers states of nature correspond with the levels measand heifers after being stocked for 11 months ured in the years 1970-1973 and the average equals 1,069 and 976 pounds, respectively (Saez of those years. These levels are currently comet al.).
mercially attainable in the area. With good management, seasonal conception Because of trampling and refusal, only 70 rates average 80 percent for replacement heifers percent of the total forage dry matter is utilized and 95 percent for cows. A replacement heifer when the pasture is grazed. Only 60 percent has a 5 percent chance that her calf will die at of the total forage dry matter is utilized when birth and another 5 percent chance that it will the forage is harvested and fed as hay (Saez et die before being weaned. The corresponding al.). probabilities for a cow are each 1 percent. A 1 Effective bimonthly dry matter yields under percent annual death loss of the breeding herd, grazing conditions are reported along with total 0.5 percent death loss of replacement heifers production costs for each of the nine forage prior to breeding, and 1 percent death loss of options considered in Table 1 .2 Bimonthly enthe stockers are assumed. Cows are culled at ergy requirements, receipts, and non-forage pro-12 years of age or when they fail to conceive. duction costs for the cow-calf and cow-feeder This results in a 16.4 percent annual replaceunits are reported in (USDA, 1967 (USDA, , 1978 (USDA, , 1979 . Finding no significant trend, the simple averages of these inflated prices for livestock categories are used as estimates of 1979 "normal" monthly prices; i.e., what would have been expected had 1979 been the midpoint of the cattle price cycle. Normal 1979 prices per cwt. in the month of sale were: $62 for weaned steer calves, $56 for weaned heifer calves, $59 for grass-fat steers, $55 for grass-fat heifers, and $38 for cull cows. 2Details of enterprise costs are available from the authors on request. bForage codes: CLB is Coastal bermudagrass, CLBCR is Coastal bermudagrass overseeded with crimson clover and ryegrass, CLBAR is Coastal bermudagrass overseeded with arrowleaf clover and ryegrass, CLBRR is Coastal bermudagrass overseeded with rye-ryegrass, CBCR is common bermudagrass overseeded with crimson clover and ryegrass, CBAR is common bermudagrass overseeded with arrowleaf clover and ryegrass, LOVE is lovegrass, BAHIA is bahiagrass, RR is rye-ryegrass.
(National Climatic Data Center). The forage and simulations are conducted for other states yield data utilized in this study were obtained of nature. in the years [1970] [1971] [1972] [1973] . During this period, Due to the largely random nature of weather average annual rainfall equaled 44.48 inches patterns, herd size and forage system are not with a low of 29.16 inches and a high of 64.79 often varied in anticipation of changing weather inches. While the distribution of rainfall conditions. Further, Bentley and Shumway found throughout the year and other weather condithat current precision in forecasting the cattle tions affect forage production, these 4 years cycle is too low to permit much gain by altering seem fairly representative of the range of weather the cow herd size in anticipation of a directional conditions that might occur. change in prices. Thus, producers are left largely For each anticipated state of nature (i.e., set with two kinds of choices when responding in of forage production patterns), an optimal manthe short-run to alternative actual states of naagement plan governing forage system, stocking ture: (a) alter the timing of calf sales and/or rate, hay transactions, and calf marketing ap-(b) modify planned hay transactions. Consistent proach is determined by LP. Once the managewith common practice in the area, hay may be ment plan is selected, the cow herd size and bought or sold and/or calves marketed when forage system are held constant as the producer weaned or after a stocker phase if forage proresponds to alternative actual states of nature. duction is less than or exceeds that required to That is, the objective function is maximized maintain the selected cow herd. Consequently, independently for each year and for mean yields, these are the options considered in computing Depending on the forage production levels, the per ton (Texas Department of Agriculture, cow herd ranges in size from 338 to 502 cows. 1979). Custom hay harvesting and hauling from Pre-tax net returns range from $7,240 to the field cost $35 per ton (Texas Agricultural $38,509. If variability associated with forage Extension Service; Texas Department of Agriproduction is ignored and average forage proculture, 1981). When forage production is induction is assumed, the management plan that sufficient, hay is purchased during the winter maximizes pre-tax net returns is plan 3, and months for $63 per ton plus $19 per ton for calculated net returns equal $20,785. hauling (Texas Department of Agriculture, 1979, For each selected management plan, any of 1981).
the five states of nature could actually occur. Monthly calf prices at the nearest commercial In order to construct the complete payoff malivestock market, Fort Worth, show little cortrix, the cow herd size and forage system are relation with the experimental forage yields for constrained to refect each of the five managethe corresponding years. Consequently, to focus ment plans. The LP model is then executed for attenion o ear on t each managemention more clearly plan the adequacy (or in-h of the five adequacy) of management strategies based on states of nature (i.e., level of forage producassumed average weather and production contion). The number of stockers fed, amount of ditions, price and financial uncertainties are hay purchased, and amount of hay produced to ignored. Only those uncertainties as be sold are reportedwith in Table 4 . In general, seasonal (bimonthly) forage yield variability when weather is better than anticipated, more across years are accounted for in the analysis.
hay is produced to sell; when weather is worse than anticipated, more hay must be purchased.
RESULTS AND DISCUSSION
Although stockers were often a very close economic alternative to selling excess forage as The LP model is first used to determine the hay, stockers never were part of an optimal management plan that maximizes net returns solution.
4 under each anticipated state of nature, Table 3 . The resulting net returns that correspond with These net returns would occur if the correthe 25 possible combinations of management Table 5 . Based on other plans give negative net returns in years the payoff matrix, criteria that incorporate some of relatively poor weather conditions and low of the uncertainty associated with annual varforage production. iations in forage production can be used to
The decision criterion that is often more apselect the preferred management plan. For a pealing conceptually to economists is to maxdiscussion of various decision criteria, see Agraimize expected net returns. It is the maximumwal and Heady (pp. 135-156) or profit equivalent for the risk-neutral producer 45).
facing uncertain outcomes with known probaIf the "maximin" criterion is used, only the bilities. This criterion requires that probabililowest possible net returns for each of the manties associated with each state of nature be agement plans are considered and the plan that assigned. In this study, there is not enough has the highest of the lowest possible net returns experimental data pertaining to annual and seais selected. As can be seen in Table 5 , managesonal forage production variability and its corment plan 1 would be chosen under this crirelation with weather conditions to develop terion because the worst possible outcome under reliable probabilities. As is common in such this plan would be a net return of $5,720. Under cases, the 'principle of insufficient reason" this criterion, the producer demonstrates pes- (Hey, p. 43 ) is invoked to assign equal subjec- eSafety first choice if nonnegative annual net returns are always required.
'Maximum expected pre-tax net returns choice.
tive probabilities to each state of nature. Fur-CONCLUSIONS ther, by assigning a probability of 0.25 to each C a state of nature 1, 2, 4, and 5, the corresponding Clearly a yrid of decisio rules could be weighted means of prices and yields are exactly ue b beef p r to eet a manageent the same as in state of nature 3, the average plan. Without reliable information relating to the same as in state of nature 3, the average the probabilities of different states of nature state.
Although plan 3 maximizes net returns for facing farmers, it is difficult to determine with Although plan 3 maximizes net returns for g confidence which management plan would the average (or expected) state of nature, it maxiie expected net returns. However, the does not maximize expected net returns from maxze expeted in th s per sugest tht the results presented in this paper suggest that the all states of nature (even when the states ared this ae a th t assigned equal probabilities of occurrence). The least risk and in t o in tensive f orage bee o management plan that maximizes expected net profitable approach to intensive forage beef promanagement plan that maximizes expected net duction is to plan for relatively poor weather returns is again plan 1. Although plan 3 gives conditions and low forage production. This re expected pre-tax net returns only 7 percent less suits in a more diverse forage system and a than plan 1, the fact that it is not the highest smaller herd size than would be found optimal is empirical confirmation that the theoretical is empirical confirmation that the theoretical under the assumption of constant average forage assertions made by Pope and by Gardner and p ction. Thee results also demonstrate that Chavas relative to price uncertainty also apply ssu tion o aereorae p when production is uncertain. Even a risk-neute assumtion o onstt age rage potral producer may not seek to maximize net tin ret n ro ex erted e timates of expected net returns. returns based on expected prices and yields that
To use the spec methodology employed
are not constant. in this study, the following steps are involved. Two additional points are of particular inobtain production a terest in examining the results in tables 3 and e production andor pre daa for 5. First, plans 1 and 3 give similar expected each prodution perod select from among multinet returns even though their cow herds differ velop an L moel o selec t from among multiby nearly 30 percent. This suggests that there yenagement options, execute the model for may be a wide variety of intensified forage-beef aa observation and for the average of all ob farm plans that are "almost optimal" relative ea oseraton and fo r the averae of all obto a particular behavioral objective. Secondly, servatns (ae of nature). Th, hold lon net return to the profit-maximizing plan based seected leel and rerun te L moe or each selected level and rerun the LP model for each on average prices and yields (plan 3) is a grosslyaining states of nature. This will inflated estimate of expected net return frome management strategies and net rethat plan under varying yields ($20,785 vs. te a atri $12,665, a 64 percent overestimate). Although ur e t ee the payoff matrix . yields are evenly distributed about the mean Four, examine the payoff matrix and select the yields are evenly distributed about the mean, management strategy that meets a chosen dethe additional costs associated with worse-thanmanagement strategy that meets a chosen deaverage yields are much greater than the additional revenue associated with better-thanaverage yields of the same magnitude.
